ELISA-Based Segregation of Adult Spring Chinook Salmon for Control of Bacterial Kidney Disease: Annual Report 1991. by Kaattari, Stephen L.
February 1993
ELISA - BASED SEGREGATION OF ADULT SPRING
CHINOOK SALMON FOR CONTROL OF
BACTERIAL KIDNEY DISEASE
THIS IS INVISIBLE TEXT TO KEEP VERTICAL ALIGNMENT 
THIS IS INVISIBLE TEXT TO KEEP VERTICAL ALIGNMENT 
THIS IS INVISIBLE TEXT TO KEEP VERTICAL ALIGNMENT 
THIS IS INVISIBLE TEXT TO KEEP VERTICAL ALIGNMENT 
THIS IS INVISIBLE TEXT TO KEEP VERTICAL ALIGNMENT 
Annual Report 1991 
DOE/BP-95906-3
 
This report was funded by the Bonneville Power Administration (BPA), U.S. Department of Energy, as
part of BPA’s program to protect, mitigate, and enhance fish and wildlife affected by the development and
operation of hydroelectric facilities on the Columbia River and its tributaries. The views of this report are
the author’s and do not necessarily represent the views of BPA. 
This document should be cited as follows: 
Dr. S.L. Kaattari, Wiens, G.D., Dr., Gilkey, L.L., Bishop, L.L., Horoshak - Dept. of Microbiology Oregon State
University; Dr. J.R. Winton, Long, J.J., Diehm, R.L., Lehner-Fournier, J.M. Kim, A., U.S. Fish and Wildlife Service -
National Fisheries Research Center; ; ELISA - Based Segregation of Adult Spring Chinook Salmon for Control of
Bacterial Kidney Disease, 1993, Annual Report 1991 to Bonneville Power Administration, Portland, OR, Contract
89FG95906, Project 89-031, 92 electronic pages (BPA Report DOE/BP-95906-3)
This report and other BPA Fish and Wildlife Publications are available on the Internet at: 
http://www.efw.bpa.gov/cgi-bin/efw/FW/publications.cgi 
For other information on electronic documents or other printed media, contact or write to: 
Bonneville Power Administration
Environment, Fish and Wildlife Division
P.O. Box 3621
905 N.E. 11th Avenue
Portland, OR 97208-3621 
Please include title, author, and DOE/BP number in the request. 
ELISA-BASED  SEGREGATION  OF ADULT  SPRING
CHINOOK  SALMON  FOR CONTROL  OF
BACTERIAL  KIDNEY  DISEASE
ANNUAL REPORT 1991
Prepared by:
Dr. S. L. Kaattari, Associate Professor
Dr. G. D. Wiens, Research Associate
L. L. Gilkey, Research Assistant
J. K. Bishop, Research Assistant
K. Horoshak, Fishery Biologist
Department of Microbiology
Oregon State University
and
Dr. J. R. Winton, Research Microbiologist
J. J. Long, Fishery Biologist
R. L. Diehm, Biological Laboratory Technician
J. M. Lehner-Fournier, Biological Laboratory Technician
A. Kim, .Biological Laboratory Technician
National Fisheries Research Center
U. S. Fish and Wildlife Service
Prepared for:
U.S. Department of Energy
Bonneville Power Administration
Division of Fish and Wildlife
P.O. Box 3621
Portland, OR 97283-3621
Project Number 89-31
Contract Number DE-FG7949BP95906
FEBRUARY 1993
TABLE  OF CONTENTS
ABSTRACT 1
INTRODUCTION 2
MATERIALS AND METHODS 5
I.
II.
III.
IV.
V
VI.
Development and Standardization of ELlSAs  and Western Blot
Procedures
Selection and Modification of Hatcheries for Segregation Experiments
Determination of the Extent of Vertical Transmission of
RS from Adult to Progeny
Determination of Pond Mortality and the Cumulative
BKD-Caused Mortality
Determination of BKD Infection of Tissue from Adult Spring Chinook
Salmon for the 1991 Brood Stock Segregation Experiment
Tagging and Evaluation of Returns from Experimental Groups
RESULTS AND DISCUSSION
I. Development and Standardization of ELlSAs  and Western Blot
Procedures
II. Determination of the Extent of Vertical Transmission of RS from
Adult to Progeny
Ill. Determination of Pond Mortality and the Cumulative BKD-Caused
Mortality
IV. Determination of BKD Infections of Tissue from Adult Spring
Chinook Salmon for the 1991 Brood Stock Segregation Experiment
V. Tagging and Evaluation of Returns from Experimental Groups
LITERATURE  CITED
5
6
7
10
10
13
14
14
19
29
31
38
39
LIST  OF FIGURES
List of Figures
Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.
Schematic outline of the segregation experiments
being conducted in this study.
Comparison of 55 adult kidney samples by the
polyclonal and monoclonal ELISA.
ELISA optical density values of samples progeny
(N=30), collected May, 1991, from replicate treatment
groups of female chinook salmon receiving
prespawning injection(s) of erythromycin.
ELISA optical density values of samples progeny
(N=30), collected May, 1991, from replicate treatment
groups of female chinook salmon receiving no
pre-spawning injection of erythromycin.
ELISA optical density values of samples progeny
(N=60), tested as sac fry in December, 1990 and parr
in July, 1991 from replicates of pooled groups of female
chinook salmon at Carson National Fish Hatchery.
Percentage monthly mortality of juvenile spring chinook
salmon for pooled groups, Carson National Fish
Hatchery, May-December, 1991 and average monthly
water temperature.
Percent monthly mortality of juvenile spring chinook
salmon at Marion Forks Hatchery from June 1991 to
Feb. 1992.
Comparison of the percent prevalence of antigen
levels in injected and uninjected adults returning to
Marion Forks Hatchery in 1991.
Levels of RS antigen in adult chinook salmon selected
for segregation at Marion Forks Hatchery determined
by the monoclonal antibody-based ELISA.
Percent occurrence of optical density values determined
by polyclonal antibody-based ELISA for adult chinook
salmon at Carson National Fish Hatchery, spawned
August 5-26, 1991.
Pm
4
15
23
24
25
27
30
31
32
34
ii
Figure 11. Number and mean optical density values determined
by polyclonal antibody-based ELlSA-for adult male
chinook salmon at Carson National Fish Hatchery,
grouped by antibiotic treatment and timing of return,
spawned August 5-26, 1991.
Figure 12. Number and mean optical’density values determined by
polyclonal antibody-based ELISA for female chinook
salmon at Carson National Fish Hatchery, grouped by
antibiotic treatment and timing of return, spawned
August 5-26, 1991.
Figure 13. Distribution of mean optical density values determined
by polyclonal antibody-based ELISA for female
chinook salmon selected for segregation at Carson
National Fish Hatchery, grouped by antibiotic treatment,
spawned August 7-27, 1990.
35
36
37
. . .
III
List of Tables
Table 1 Sampling schedule at Marion Forks Hatchery. 8
Table 2. Comparison of p57 concentrations in kidney
tissue and ovarian fluids from spawning chinook
salmon returning to Marion Forks Hatchery. 18
Table 3. Percent of samples with antigen levels above
3 ng ml-l homogenate in each treatment group. 19
Table 4. Percentage of samples from individual tanks and raceway
groups at Carson National Fish Hatchery with polyclonal
ELISA O.D. levels above 0.100. 21
Table 5. Comparison of adult females fish (spawned August,
1990) and progeny for pooled groups (sampled July,
1991) at Carson National Fish Hatchery. 22
Table 6. Percentage and number of offspring mortalities at
Marion Forks Hatchery which were positive for RS antigen. 29
iv
Appendix 1.
Appendix 2
Appendix 3
Appendix 4.
Appendix 5. ELISA values for adult female chinook salmon returning
to Carson National Fish Hatchery in 1991.
Appendix 6. Publications and Presentations.
List of Appendices
Monoclonal antibody-based Field ELISA
protocol. 42
Sample preparation methods for the monoclonal
based ELISA. 43
Antigen levels (ng ml-t) in kidney tissues of adult
chinook salmon returning to Minto ponds of
Marion Forks hatchery. 44
ELISA values for adult spring Chinook salmon
returning to Carson National Fish Hatchery,
May-August, 1990. 54
81
84
ABSTRACT
Bacterial kidney disease (BKD), caused by Renibacterium salmoninarum (RS),
a serious disease of salmonid fish worldwide. The disease has a major impact on
spring chinook salmon populations in the Columbia River system. There is strong
evidence that RS can be transmitted from parent to progeny, and segregation of
progeny based on levels of antigen detected in adult fish may obviate this mode of
transmission.
Results are presented from the third year of a four year study to investigate
segregation of broodstock as a tool for controlling BKD. Segregation of adult fish
infected with RS has been achieved using enzyme-linked immunosorbent assays
(ELlSAs) optimized in the first and second year of this project. Gametes from both
1990 and 1991 broodstock, either injected with erythromycin or receiving no
antibiotic injection were successfully segregated into groups having either high or
low levels of the RS soluble antigen. Offspring have been monitored every three
months from the 1990 broodstock and are being monitored from the 1991
broodstock. Antigen levels in the offspring from the 1990 segregation experiment
at Marion Forks Hatchery were low and clinical BKD was not observed in any of the
juvenile fish. At Carson National Fish Hatchery, antigen levels were also low in
fish which were sampled December 1990 through July 1991. Total mortality was
low throughout these sampling periods. An increase in mortality was observed in
November-December 1991, and preliminary evidence suggests that motality may
have been due BKD. The epizootic appears to have equally effected both offspring
from high and low RS antigen level parents. Antigen levels in moribund fish are
being examined to confirm the prevalence of RS infection.
is
INTRODUCTION
Bacterial kidney disease (BKD) is responsible for major losses of intensively
cultured salmon and trout (Oncorhynchus pp.) in the Pacific Northwest and
worldwide (Bullock and Herman, 1988; Fryer and Sanders, 1981). The disease is
caused by a fastidious, gram-positive bacterium, Renibacterium salmoninarum
(RS), that produces a chronic, systemic infection. Salmonids are susceptible at all
life stages in both freshwater and marine environments (Banner et al., 1986).
Vaccination has not been effective in controlling the disease and current treatment
methods rely on antibiotic therapy, principally erythromycin, and other
management strategies (Elliott et al., 1989). Control is complicated by the survival
of RS within host cells and within unfertilized and fertilized eggs (Young and
Chapman, 1978; Evelyn et al., 1984). Intracellular survival and the presence of
bacteria within the egg are viewed as contributing to bacterial persistence and
vertical transmission, respectively.
Recently, segregation of infected gametes has been shown to be an effective
means of reducing mortality due to BKD during hatchery rearing (Pascho et al.,
1991). This report presents the results of the work completed during the third year
of a four year study evaluating the use of enzyme-linked immunosorbent assay
(ELISA) as a procedure for the segregation of spring chinook (Oncorhynchus
tshawytscha) broodstock. Segregation experiments were carried out at two
separate hatcheries: Marion Forks Hatchery in Oregon, and at Carson National
Fish Hatchery in Washington. A schematic of the experimental design is presented
in Figure 1. Briefly, the project was designed to identify and segregate gametes
from R. salmoninarum infected and uninfected fish using enzyme-linked
immunosorbent assays (ELlSAs). Additionally, adults injected with erythromycin
were examined to investigate the effect of antibiotic therapy on ELISA-based
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segregation of progeny. A first year of segregation was initiated with 1990
broodstock. Each group resulting from the segregations have been reared
separately and the presence of antigen and clinical disease have been monitored
throughout the fish’s development. The major portion of this year’s work was
devoted to determining the levels of R. salmoninarum soluble antigen present in
offspring from the 1990 broodstock. Smolts from Carson Hatchery were tagged
prior to release for identification of the effects of segregation on ocean survival and
return rate. A second year of segregation has been started at Marion Forks and
Carson Hatchery with the 1991 broodstock.
The ELISA systems used for segregating the adults incorporate specific
antibodies to detect R. salmoninarum antigens in tissues of infected fish. Soluble
proteins produced by R. salmoninarum during infection have been used for many
years as dependable diagnostic markers for the presence of the bacteria in
diseased fish (Chen et al., 1974; Bullock et al., 1980). The principal soluble
antigens produced by the bacterium are a 57 kilodalton protein (~57) a d its
breakdown products (Wiens and Kaattari 1989; Rockey et al., 1991). The
segregation experiment at Marion Forks Hatchery was based on the use of a
monoclonal antibody based ELISA (monoclonal ELISA; Rockey et al., 1991)
designed specifically to detect ~57. The segregation at Carson hatchery utilized a
polyclonal antibody based ELISA (polyclonal ELISA), modified from the protocol
described by Pascho and Mulcahy (1987). In addition to the segregation
experiments, this report describes further use of a confirmatory Western blot
technique and a ELISA system which can be used in the field. .
This research has been a joint project between the laboratories of Dr. S. L.
Kaattari of the Department of Microbiology at Oregon State University and the
laboratory of Dr. J. R. Winton at the National Fisheries Research Center in Seattle,
WA.
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Figure’. Schematic outline of the segregation experiments being conducted in this
study. (Matings varied from 20-26 to accommodate hatchery production
requirements.)
MATERIALS  AND METHODS
I. Development and Standardization of ELlSAs
and Western Blot Procedures
Comparison of the Monoclonal and Polyclonal ELISA.  In order to
independently cross-check the polyclonal ELISA and monoclonal ELlSAs, 55 adult
chinook kidneys were tested at NFRC and OSU according to standard protocols
described in Winton et al., (1990)
Use of a Sensitive Western Blot Procedure for the Confirmation of
ELISA  Positive Tissue Samples. Kidney tissues were collected from
spawning chinook salmon during the course of the segregation experiments at
Marion Forks Hatchery. Concentrations of ~57 were determined using the
monoclonal ELISA. Polyacrylamide gel electrophoresis and Western blot analysis
of the kidney samples were conducted using tissues stored at -200C. Briefly,
samples were diluted 1 :I (v:v) with sample buffer, boiled for 3 min, and insoluble
precipitates were removed by centrifugation at 15,000 x g for 0.5 min. A total
volume of 7 ~1 of sample was electrophoresed at 1 OOV on 10% sodium dodecyl
sulfate-polyacrylamide gels. Proteins were electroblotted onto PVDF membranes
(Millipore Cot-p, Bedford, MA) for 1 h with IOOV, and nonspecific sites were blocked
with 5% nonfat dry milk-O.‘% Tween 20-Tris buffered saline (T-TBS) for 1 h at
37OC. Blots were washed for 15 min and probed with 1 mg ml-l of 3 monoclonal
antibodies 4D3, 3H1, and IA1 (Wiens & Kaattari, 1991) diluted in 1% bovine serum
albumin (BSA)-T-TBS. Excess primary antibody was removed by rapidly washing
twice with T-TBS, followed by one wash for 15 min and one for 5 min. A secondary
sheep anti-mouse horshradish-peroxidase conjugate (Amersham Corp., Arlington
Heights, IL) was diluted 1 : 500 in 1% BSA-T-TBS and used to probe the blots. The
secondary antisera was preabsorbed with 0.08% chinook salmon kidney tissue
supernatant (previously tested low by monoclonal ELISA) to reduce background
staining. After 45 min, blots were washed followed by a final rinse in Tris buffered
saline. Enhanced chemiluminescent substrate was applied and Hyperfilm was
exposed for I-IO min, according to the manufacture’s directions (Amersham Corp.).
Blots which were to be exposed for longer than 10 min were washed for an
additional 1 h to reduce background luminescence.
Development of a Rapid, Field ELISA.  The protocol for this assay is
outlined in Appendix 1. Briefly, a cotton swab was inserted into the kidney of the
fish in the manner used for fluorescent antibody technique (FAT). Swabs were
placed in 5 ml polystyrene tubes which had been precoated with 500 j.~l of 3.2 pg
ml-l MAb 4D3 in PBS. After the 30 min incubation, swabs were removed, tubes
were washed, and 500 pl of a 1 pg ml-1 biotinylated 3Hl second antibody applied
for 30 min. Excess second antibody was subsequently removed and 500 ~1 of a
I:200 dilution of streptavidin-conjugated horseradish peroxidase (SA-HRPO) was
added for 30 min. Substrate was added and incubated for 10 min. Positive
samples were identified by visual comparison to a reference standard. Chinook
salmon kidney and ovarian fluid samples from females used in the 1991
segregation experiment at Marion Forks Hatchery were used to further test the
sensitivity and specificity of the Field ELISA.
Il. Selection and Modification of Hatcheries for
Segregation Experiments
Installation and Maintenance of Individual Rearing Units;
Pooling of Experimental Groups. In order to examine the transmission of BKD
from adults to progeny, a subsample of the progeny from each individual mating
pair at Carson Hatchery was maintained as an individual group. From the 1990
brood, a sub-sample of approximately 250 eggs were removed from each lot and
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held from December, 1990 through mid-June, 1991, in an individual rearing tank.
The remaining eggs were pooled into four experimental groups, along with four
replicate groups. All fish were held indoors on spring water at 7”-8”C. Pooled
groups were tagged in late April, 1991 and transferred to outdoor ponds having the
same water supply as their indoor rearing tanks. The setup and specifications for
the individual rearing units were outlined in Winton et al. (1990).
Individual tanks were cleaned daily to remove unused food and collect dead
fish. Numbers of moribund fish from each of the tanks, excluding developmentally
defective individuals, were low and no outbreaks of disease or parasitism were
observed. Samples collected periodically for testing by polyclonal ELISA were
taken to obviate cross-contamination among the tanks, as were the daily
maintenance activities.
At Marion Forks Hatchery, 80 individual rearing units were installed. All
progeny from each adult cross were placed in separate 5 gallon buckets where the
yolk-sac fry remained until first feeding. Subsequently, families from each
treatment group were randomly distributed into one of three triplicate ponds.
Ill. Determination of the Extent of Vertical Transmission of
RS from Adult to Progeny
Protocol  for Processing  Samples to Determine Antigen Levels In
1990 Offspring from Marion Forks  Hatchery. The segregation of the 1990
broodstock at both Marion Forks and Carson Hatcheries, and the procedures for
processing and ELISA analysis of antigen levels of eggs from the 1990 broodstock
has been reported in Winton et al. (1990). The sampling schedule and numbers of
samples processed at each time point for Marion Forks Hatchery are listed in Table
1. After the swim up, fry were sampled from each bucket and each treatment group
was randomly assigned to one of three triplicate outdoor raceways, except for the
injected high group, for which there was only enough fish for two replicate
raceways. Fish were sampled every three months after ponding.
Table 1. Sampling schedule at Marion Forks Hatchery.
Date
Sept. 90
Oct. 90
Nov. 90
Jan. 91
March 91
May 91
June 91
July 91
Sept. 91
Dec. 91
Feb. 92
March 92
1990 Rroodstock
Event
Spawn #I
Shocked Eggs
Sampled Eggs
Picked Dead Eggs
Sampled Swim-up Fry
Ponded fish
Fed Erythromycin
Sampled Pond Fry
Fed Erythromycin
Sampled Parr
Sampled Smolts
Sampled Smolts
Release Sl Smolts
60/pond
# Sampled
440 Adults
NS’
60/bucket
NS
60/bucket
60/pond
60/pond
60/pond
60/pond
1991 Broodstock
Date E e t
Spaw”n i2
# Sampled
Sept. 91 416 Adults
Oct. 91 Shocked Eggs NS
Nov. 91 Sampled Eggs 30/bucket
Jan. 92 Picked Dead Eggs NS
Feb. 92 Samoled Swim-uo Frv 60/bucket
‘N.S. =not sampled
The methods for monoclonal ELISA  sample preparation of swim-up fry, Parr
pre-smolts and smolts are listed in Appendix 2. Sample analysis has been
completed for progeny from the 1990 brood year, while analysis of the 1991 brood
year is underway. Juveniles at Marion Forks hatchery were treated as production
stock and fed etythromycin twice: the first time for a three week regimen in May and
a second time for a three week regimen in July, as per standard hatchery practice.
Collection of Samples of Fry and Fingerlings for Testing at
Carson Hatchery. Samples of progeny from the individual tanks of the 1990
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brood were collected periodically to test a spectrum of developmental and rearing
stages. Samples of 30 fish from each tank were taken 1) in October-November,
1990 as eyed eggs: 2) in December-January, 1990-I 991 as sac fry; 3) in March,
1991; 4) in May, 1991; and 5) in June, 1991. The protocol and results from the
testing of eggs by polyclonal ELISA were presented in Winton et al. (1990). Due to
the small size of the fish, whole fish were homogenized and tested as sac fry. Fish
collected subsequently were tested individually, with the sample consisting of the
kidney combined with portions of the back and tail.
For the 1990 brood at Carson Hatchery, a sample of 30 eggs was collected
from each of 99 individual tanks approximately 69 days following fertilization.
Average daily thermal unit (DTU) value for these eggs was 900 and water
temperature averaged approximately 7O-8OC. Handling and processing were
described in last year’s report (Winton et al. 1990). No eggs were sampled from
the 1991 brood.
Fish in the pooled groups were sampled periodically to determine the levels
of BKD. Samples of 60 fish were collected 1) in December-January, 1990-1991 as
sac fry; 2) in April, 1991; 3) in July, 1991; and 4) October, 1991. Two additional
samples will be taken before the fish are released in April, 1992. Samples taken
through July, 1991 have been thus far been tested.
To obtain a production density of 40,000 fish per raceway at Carson
Hatchery, the progeny of the experimental fish for the 1990 brood were pooled. To
achieve this density, the eggs from 12-13 females were needed in each of the
experimental groups. Eggs were held separately from fertilization through eye-up,
and were combined at the time of shocking (in November). In order to obtain
adequate numbers of progeny to stock experimental raceways at production levels,
disparate fecundity made it necessary to select varying numbers of females to
construct each group. The protocol for the collection and handling of the progeny
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is as described in the above sections.
Determination of the Extent to Which BKD-ELISA  Segregation is
Affected by the Injection of the Adult Fish  with Erythromycin. The
protocol outlined in the section above applies to the collection and processing of
tissues from fry and fingerlings to examine the effect of administering erythromycin
to females prior to spawning.
IV. Determination of Pond Mortality and the Cumulative
BKD-Caused  Mortality
Total monthly mortality at both hatcheries was recorded from each pond and
a subsample of mortalities were saved for ELISA analysis. Water temperature was
monitored by hatchery personnel during the course of rearing.
V. Determination of BKD Infection of Tissue from Adult
Spring Chinook Salmon for the 1991
Brood Stock Segregation Experiment
Distribution of Polyclonal  ELISA  Values Among Adult Spring
Chinook Salmon at Carson Hatchery Based on Samples of Kidney
Tissue. Sampling of the returning adults in 1991 followed the procedure for
handling and spawning, implemented in 1990, as described in Winton et al. (1990),
with the following changes noted. Adult chinook salmon were spawned at weekly
intervals beginning August 5, 1991, at Carson Hatchery. The density in the holding
pond was higher in 1991, and the number of times fish were handled was
increased over that in 1990. Production methods currently practiced at the
hatchery were adjusted to integrate this study and minimize its impact on
customary practices. Fish used in this segregation experiment represented a
portion of the hatchery production and were handled accordingly. Adult fish began
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returning to Carson Hatchery on May 29, 1991, three weeks later than in 1990.
Fish were confined in holding ponds from their arrival until spawned or discarded.
Returns continued at the hatchery through spawning, which was completed on
August 26.
On June 13, 1991, 910 returning adult fish were examined, uniquely tagged
with colored nylon cable ties (Panduit Corp., Tinley Park, Illinois) placed on the
caudal peduncle, injected with erythromycin (approximately 11 mg/kg body
weight), and returned to the holding pond. A corresponding sample of 254 adult
fish was tagged and did not receive the antibiotic injection. On July 18, 1991,
approximately 1300 fish entering the hatchery since June 13 were tagged and
injected. A second injection was administered to the surviving, previously injected
adults. At this time, 250 additional fish were marked as receiving no injection. Fish
returning after July 18 possessed no mark and received no injection. This
procedure was done to provide a spectrum of the returning adults to be used as
experimental fish.
During the month of August, fish were checked at weekly intervals for
ripeness and returned to the holding pond if green, or spawned if ripe. A total of
1080 females and 773 males were spawned. Fewer males were used due to the
standard practice of fertilizing multiple females with the milt of one male.
Adult fish were anesthetized, selected for spawning, and labeled with an
individual number. Tag information, representing antibiotic treatment and timing of
return to the hatchery, was recorded at this time.
Both males and females were killed by cerebral concussion. Females were
bled by severing the caudal artery. Eggs from a single female were collected, held
separately, fertilized using the milt from one male, and transported to the brood
facility at the hatchery. Contamination between females was avoided by having the
person spawning the female wear a new disposable glove for each fish and by
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thoroughly disinfecting all common equipment with iodophor between fishes.. For
each family of fertilized eggs, a sample of male kidney and female kidney was
collected from the parental fish for testing by polyclonal ELISA.
In the hatchery building, the eggs were rinsed in water to remove any
extraneous tissue, hardened by immersion in 75 ppm iodophor for 20 min, and
placed into racks with a separate container and water supply for each individual
family of eggs. Eggs from each family group were held in isolation from the time of
spawning until tissues had been tested by polyclonal ELISA for the presence of
antigen to RS, using the methods described in Winton et al. (1990). At this time,
experimental families were selected. Tagging information for each fish provided
data on antibiotic treatment and timing of return to the hatchery. Optical density
data from polyclonal ELISA and information on antibiotic treatment of adults were
used to apportion eggs from individual matings into four experimental groups: 1)
antibiotic injection/low ELISA (OD c 0.080) (INLO; N = 24); and 2) antibiotic
injection/high ELISA (OD >0.300) (INHI; N = 24); 3) no antibiotic injection/low
ELISA (OD ~0.080) (UNLO); 4) no antibiotic injection/high ELISA (OD >0.400)
(UNHI; N = 23). Fish were selected for the above groups based on timing of return
to the hatchery: 1) May 29-June 13; 2) June 16July 18; 3) July ‘g-spawning date.
The polyclonal ELISA value for the female parent was dominant for assignment to
low or high groups. Male polyclonal ELISA values were used only to exclude eggs
from matings of low female with a high male.
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Distribution of Monoclonal ELISA  Values Among Adult Spring
Chinook  Salmon at Marion Forks  Hatchery Based on Samples of
Kidney Tissue. Adult chinook salmon returning to the Minto collection facility of
Marion Forks Hatchery typically remain in the North Santiam River until spawning
and are not injected with antibiotics. To accommodate the design of this project,
approximately 450 adults were encouraged to enter the facility early and were
injected once with erythromycin and oxytetracycline (100 mg if fish weighed less
than 8.2 kg and 200 mg if fish weighted more than 8.2 kg). Fish were injected 9-21
days prior to spawning. Fish were spawned using delayed fertilization techniques.
Eggs and milt were stored in zip-lock plastic bags supplemented with oxygen and
placed in ice coolers for transport to Marion Forks Hatchery. On the same day that
fish were spawned, kidney samples were removed, transported to Oregon State
University, and assayed by the monoclonal ELISA, as described in Winton et al.
(1990). Based on results from the monoclonal ELISA, crosses between fish were
completed on the following day. Eighty crosses were made to provide families that
could be distributed among four treatment groups as follows: 1) no antibiotic
injection/low ELISA (N=20); 2) no antibiotic injection/high ELISA (N=20); 3)
antibiotic injection/low ELISA (N=20); and 4) antibiotic injection/high ELISA (N=20).
A total of 416 fish were screened to obtain the fish necessary for the 80 crosses.
VI. Tagging and Evaluation of Returns from
Experimental Groups
Acquisition  of Funding, Tagging, and Monitoring of Returning
Fish from each of the Experimental Groups.  Originally included as an
optional objective of the project, discussions with various agencies and individuals
indicated strong support for the tagging and analysis of returning adults as part of
this study. Funds for the tagging of all experimental fish at Carson Hatchery were
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provided through the Bonneville Power Administration. Each of the pooled
treatment groups and each of their replicates received a uniquely coded tag lot,
facilitating identification of returns from individual raceways. Progeny from the
pooled groups were tagged in late April and early May, 1991, as they were being
transferred from rearing tanks inside the hatchery building to their outside rearing
ponds. The tagging process took approximately 1-2 days per pooled group.
Stocking densities for each of the pooled groups ranged from 36,557 to 41,847 fish
per pond. Funds for tagging of the experimental groups were not allocated for the
1990 brood at the Marion Forks facility.
RESULTS  AND DISCUSSION
I. Development and Standardization of ELlSAs
and Western Blot Procedures
Comparison of the Monoclonal and Polyclonal ELISA.  A total of 30
female and 25 male kidney samples were cross checked by the polyclonal and
monoclonal ELlSAs. Generally, there was a high correlation (r2 = 0.78) between
the estimated antigen levels between the two ELlSAs  (Figure 2). While the two
assays specifically recognized Rs antigens, differences exist between the two
assays. The monoclonal ELISA detects two epitopes on a specific soluble antigen
57 kDa protein (~57) while the polyclonal ELISA may recognize a number of
soluble antigens produced by Rs in addition to ~57. This possible differential
recognition may be responsible for the variations between the two assays.
14
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Figure 2. Comparison of 55 adult kidney samples by the polyclonal and
monoclonal ELISA. Samples with antigen concentrations above 3 ng ml-l
are considered to be positive in the monoclonal ELISA while samples with
an OD. of greater than 0.080 are considered to be positive by the polyclonal
ELISA.
Use of a Sensitive Western Blot Procedure for the Confirmation
of ELISA  Positive Tissue Samples. Detection methods for RS have grown
increasingly sensitive as new technical developments have occurred. Currently,
the technique with the highest sensitivity is considered to be the ELISA (Pascho et
al., 1987). In many laboratory situations, this increased sensitivity has led to the
identification of lightly infected fish as positive for RS, but this cannot be confirmed
by other detection techniques. Western blotting is an ideal technique for the
confirmation of ~57 in ELISA positive samples as both the appropriate molecular
weight and antigenic identity must be coincident for a positive test (Sakai et al.,
1990; Wiens et al., 1990). A limitation of the Western blot has been the lack of
sensitivity (Rockey et al., 1991). As described previously (Kaattari et al. 1989), it is
difficult to surpass limits of 250 ng ml-l of the 57 kDa protein using standard
blotting procedures. However, recent advances in detection technology have
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increased the sensitivity of the Western blot. A fluorogenic peroxidase substrate
was used in place of the conventional chromogenic enzyme substrate in the final
step of the blotting protocol. Using a substrate which can be cleaved to produce a
chemiluminescent product, the sensitivity has been increased 50-l 00x over the
conventional peroxidase substrate (Winton et al., 1990). In the third year of this
project we have used this technique for a more accurate and sensitive confirmation
of ELISA-positive fish. The presence of ~57 in adult samples was confirmed at
concentrations as low as 13 ng ml-l in kidney tissue and 10 ng ml-1 in ovarian fluid
of adult chinook (Table 2). Difficulty still exists with low level detection due to the
lengthy exposure times required and the subsequent increase in background
luminescence.
Development of a Rapid, Field ELISA. In order to further simplify
testing for RS in hatchery situations, a rapid Field ELISA was developed which
requires little training and no electronic equipment. One of the major rate limiting
steps in the quantitative ELISA is the physical removal of the kidney sample for
processing. In the field ELISA this step was simplified by the use of a cotton swab
which was inserted into the kidney in a similar manner as in preparing swabs for
fluorescent antibody analysis. The swab is placed in detecting reagents and color
development is compared visually to a standard positive and negative tube. This
assay takes approximately two hours to complete and can be performed at the
spawning facility.
Further work was done this year to test the efficacy of the Field ELISA using
ovarian fluid samples obtained at Marion Forks Hatchery. Ovarian fluid from ELISA
kidney-positive and kidney-negative females from the 1991 s gregation
experiment at Marion Forks Hatchery were tested and compared to both the
quantitative ELISA and Western blot. Low levels of p57 were observed in ovarian
fluid samples as compared to kidney tissues from the same fish (Table 2).
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Inconsistencies in antigen levels of ovarian fluid have also been reported by
Pascho et al. (1991) who were unable to detect antigen in ovarian fluid samples
with bacterial counts below 1 x lo5 ml-1. The authors speculate that undefined
ovarian fluid factors may influence the detection of antigen. Armstrong et al. (1989)
have reported the presence of agglutinin titers to heat killed Rs as high as 1:36 in
chinook salmon ovarian fluid. In a preliminary report, Griffiths & Lynch (1990)
identified Rs reactive antibodies in the ovarian fluid. Assuming that the low level of
antigen in our study was not due to an artifact in the collection process, one
possible explanation might be that the antigen was being masked by ovarian fluid
components. Western blotting was used in an attempt to identify antigen as it was
assumed that the denaturing and heating treatment of the samples prior to
electrophoresis would liberate any antigen non-covalently complexed to antibody
or any other protein. Western blot analysis confirmed that QELISA-positive ovarian
fluid samples contained ~57, however, ~57 was not detected in QELISA-negative
ovarian fluid samples even though fish had kidney antigen concentrations greater
than 10,000 ngml-1. A second possible explanation for the low quantities of ~57
observed in the ovarian fluid may be the proteolysis of antigen, however, this does
not appear likely as little degradation of ~57 was observed in ovarian fluid or
kidney samples confirming the earlier findings of Rockey et al., (1991). A third
possibility may be that ~57 was bound by components present on the surface of the
egg. Little is known about the function of ~57 in vivo or the tissue binding capacity
of ~57. P57 has been shown to bind fish leukocytes (Wiens & Kaattari, 1991) and
spermatocytes in vitro (Daly & Stevenson, 1989). A final explanation may be that
the synthesis of ~57 may be down-regulated by the bacteria after contact with egg
components. Regardless, these experiments suggest that the detection of antigen
in ovarian fluid may be of a limited utility for the determination of systemic levels of
RS ~57 in the adult fish.
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While this assay is less sensitive than the quantitative ELISA, the
advantages of an easier sample preparation and short assay time may lend this
assay as a rapid field tool for segregating salmonids.I  an effort to transfer this
technology to fish health workers, Oregon State University has licensed both the
monoclonal antibodies and the ELISA technology to DiagXotics, Inc. Wilton, Ct.
06897. The technology is expected to be commercially available in the near future.
Table 2. Comparison of ~57 concentrations in kidney tissue and ovarian fluids
from spawning chinook salmon returning to Marion Forks Hatchery. Kidney tissue
was collected and antigen levels determined by the quantitative ELISA (QELISA).
Based on the QELISA results, ovarian fluid samples were taken the following day
and assayed by the field and QELISA. The Western blot was used for the
confirmation of antigen levels in samples.
Fish QELISA Field Western QELISA Field Western
# (ng ml-l&EM) ELISA Blot (ng ml-l ELISA Blot
&iEM)
44 120,350 f 28,043 + + 88k22 + +
27 13,938 f 1,750 + + lOi2 - +
47 13,215 &1,730 + + 593&177 + +
12 10,123+859 + + c32
170 4,484&737 + + 15Ok28 + +
79 4,102jl908 + + <3
99 1,287&128 n.tl + 32+13 + +
106 635~88 n.t + <3
80 227~64 + + <3
117 187k16 ' n.t + <3
114 63k9 n.t + <3
15 60+6 + + <3
91 53+8 + + <3
144 51 +lO + + <3
97 46k7 n.t + <3
142 31~8 + + c3
21 23k6 + c3
Ii1
1922 + <3
13&l n.t + <3
70 4+1 - - <3
1 n.t.= not tested
2~3 = antigen level was below the sensitivity of the QELISA.
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II. Determination of the Extent of Vertical Transmission  of
RS from Adult to Progeny
Analysis of Antigen Levels in Samples of 1990 Offspring from
Marion Forks  Hatchery. Fish were collected from each of the four treatment
groups from the eyed egg stage in November, 1990, through pre-release in April,
1991. Samples of the eggs, swim-up fry , and parr were processed whole and tested
individually. No significant levels of antigen were detected in the eggs, swim-up or
parr stages. The kidneys of the pre-smolts, smolts and pre-release were individually
tested. A low percentage were identified which had antigen levels above 3 ng ml-l
(Table 3). The highest percentage of positive fish (7.5%) were from the injected high
group. However, positive fish were also identified in the two groups from low positive
Table 3. Percent of samples with antigen levels above 3 ng ml-l homogenate in each
treatment group. N is the number of individual samples tested in each
treatment group.
Developmental Sample Uninjected Uninjected Injected Injected
Stage Date Low High Low Hioh
mgs
Swim-up
Parr
Pre-smolts
Smolts
Pre-release
Total number
>3 ng ml-1
Total number
Sampled
Nov. 90
March 91
June 91
Sept. 91
Dec. 91
Feb. 92
(N =01200)
(N =01200)
(N =‘180)
1.11
(N = 180)
0.56
(N = 180)
1.11
(N = 180)
5
3120
(N =:140)
(N =01140)
(N =180)
(N =‘180)
1.11
(N = 180)
0.56
(N = 180)
3
3000
(N =?020) (N =‘660)
(N =01020) (N =‘660)
(N =‘180) (N =‘120)
(N _ols0) (N =‘180)
(N =‘180) (N 1.:20)
.56 0.85
(N = 180) (N = 117)
1 10
2760 1797
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parents. Antigen levels in all of the positive fish were between 3 and 10 ng ml-‘.
Further confirmation of the low antigen levels is being performed by Western blot
analysis. In summary, the antigen levels found were low and are not indicative of
clinical disease. Clinical disease was not observed in any of the juvenile fish
sampled at Marion Forks hatchery from the 1990 brood year.
Collection of Samples of Fry and Fingerlings for Testing by
ELISA  at Carson Hatchery. The results from the polyclonal ELISA testing of
eggs from individual parents, collected in October-November, 1990, were
discussed in last year’s report (Winton et al. 1990). Samples of the 1990 brood
were collected at various developmental and life history stages (Table 4).
Additionally, samples from the individual tanks were taken from December,
1990 through June, 1991. All fish were processed individually. ELISA data for
samples collected were approximately equivalent for all groups and times of
sample collection. Data from samples taken in May, 1991 and June, 1991, and
thus far tested, are shown in Figures 3-4. These data are representative and were
chosen as they were the latest samples tested. The data show that the levels of
BKD present in the fish examined remained very low with narrow ranges.
Data from the pooled groups also showed low levels of BKD in the sac-fry
(Figure 5, December, 1990). A sample taken in July, 1991 had slightly elevated
means for the OD readings of all the groups (Figure 5). The range of OD values
also increased from December to July, indicating spread of the disease. Table 5
presents the data for the July, 1991 sample from the pooled groups.
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Table ,4. Percentage of samples from individual tanks and raceway groups at
Carson National Fish Hatchery with polyclonal ELISA  OD level above 0.100
in each treatment group. N is the number of individual samples tested in
each treatment group.
Individual Tanks
Developmental Sample Uninjected Uninjected Injected Injected
Stage Date Low Hiah Low Hioh
Eggs Oct.-Nov. 90 0’ 0’ 0’ 0’
N=750) (N =750)
Swim-up Fry Dec.-Jan. 90-91 (N =FO) (N =,:““’ <l 2
Parr
Parr
Parr
Total Number
OD >O.lOO
Total Number
Sampled
March 91
May 91
June 91
(N ='720) (N ='750, (N ='750, (N ='750)
(N ='720) (N ='750, (N ='750, (N0 0 0 =)50)
(N=720) (N = 750) (N =750) (N =750)
0 0 0 0
3600 3750 3750 3750
Raceway Groups
Developmental Sample Uninjected Uninjected Injected Injected
Stage Date Low Hioh Low High
Parr April 91
(N ='l20) (N ='120) (N ='l20) (N ='l20)
Parr July 91
(N ='l20) (N ='l20) (N ='l20) (N ='l20)
Pre-smolt October91 0 0 0
(N=120) (N = 120) (N =120) (N:l20
Total Number
OD >O.lOO
Total Number
Sampled
0 0 0 0
360 360 360 360
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Table 5. Comparison of adult female fish (spawned August, 1990) and progeny for
pooled groups (sampled July, 1991) at Carson National Fish Hatchery.
Sample
Number Percentage
Treatment Mean for Mean for Pooled with
Group Adult Fish Pooled Progeny Progeny OD >O.lOO
Injection
Low Adult OD
I 0.069 0.099 60 17
II 0.079 0.087 58 16
High Adult OD
I 0.485 0.085
II 0.606 0.110 :i
15
32
No Injection
Low Adult OD
I
II
High Adult OD
I
II
0.072 0.108 60 28
0.077 0.079 60 12
1.407 0.091 60 22
1.395 0.092 60 22
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0 . 3 5 0 - __________~__._  .-.- -... -. ..-.-_-----
Adults Injected, High OD0 . 3 0 0 - --- -
0 . 2 5 0 - - - -
8 0 . 2 0 0 l - - _ _ _ _ _ _
z
zi0 0 . 1 5 0 -
h
0-‘0° I I + c ! t 1 I t
1
+ I +
0 . 0 5 0 l
Adults Injected Low OD--~.~ ~~.-. ..- .._. 1__...___  ___
8
?
0 . 2 0 0  l
E 0 . 1 5 0  l
_~.-..-~__---..---... ~. -_~----~--__
ct
0 . 1 0 0  l
t ** c
o.iI50  *
l-I*
0.0004. . . . . . . . . . . . . . , . . . . . . . . . *
Adult  OD
Figure 3. ELISA  o p t i c a l  d e n s i t y  v a l u e s  o f  s a m p l e s  o f  p r o g e n y  (N =  30),
collected May, 1991, from replicate treatment groups of female chinook
salmon receiving pre-spawning injection(s) of erythromycin. (Vertical bars
indicate range of ELISA  values and dash indicates mean; missing values
indicate incomplete testing or missing sample).
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Figure 5. ELISA  optical density values of samples of progeny (N = 60) tested as
sac fry in December, 1990 and parr in July,  1991 from replicates of pooled
groups of female chinook salmon at Carson National Fish Hatchery.
(Abbreviations: INLO-adult injected with antibiotic/low ELISA (OD < 0.080);
INHI-adult  injected with antibiotic/high ELISA (OD > 0.300); UNLO-adult not
injected with antibiotic/low ELISA  (OD < 0.080); UNHI-adult not injected with
antibiotic/High ELISA  (OD > 0.400)).
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Water temperature is an important environmental factor which influences the
progression of BKD. Sanders et al. (1978) found that water temperature is
inversely correlated with mean time to death of co o salmon (0. kisutch), sockeye
salmon (0. nerka), and steelhead (0. mykiss). The low water temperature at
Carson Hatchery (7-8°C) may affect the progress of the disease, keep infection
levels low, and make detection more difficult.
Determination if Differences in ELISA  Titers Between Adult
Spring Chinook  Salmon are Retained by the Progeny During Extended
Rearing. Preliminary results from the pooled fish at Carson Hatchery show an
increase in the OD range for all experimental groups approximately one year
following fertilization (through July, 1991). The slow progress of the disease at
Carson Hatchery may be related to water temperature during rearing. Losses from
each of the raceways declined from May-October and began to increase in
November and December (Figure 6). A subsample of daily mortality from these
raceways was collected and processed for ELISA. Results from these fish will
indicate if mortality during November and December is BKD related.
In the research done by Pascho et al. (1991), mortality for progeny of both
low and high BKD groups remained similar until water temperature increased
during the summer. Following exposure to these higher temperatures, losses of
fish from both the high and low BKD group increased and peaked, returning to
lower levels as the water temperature dropped in the fall. The loss in the high
group remained significantly higher than in the low group. Sanders et al. (1978)
mentioned that outbreaks of the disease occurred in the fall in water temperatures
of 1 O°C, and reported 93-l 00% mortality for artificially infected fish held at 6.7”C,
60-71 days following infection.
The water temperature at Carson Hatchery remains at 7”-8°Cduring the
entire rearing period and may obscure or repress any clear-cut differences in the
26
- H i g h  G r o u p  - me - L o w  G r o u p
Adults Injected
- H i g h  G r o u p  - me - L o w  G r o u p  ]
Adults not Injected
C
Figure 6. Percentage monthly mortality of juvenile spring chinook salmon
for pooled groups, Carson National Fish Hatchery, May-December, 1991 and
average monthly water temperature. A. Progeny of uninjected adults with
high or low antigen levels. B. Progeny of injected adults with high or low
antigen levels. C. Average monthly water temperature.
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incidence of BKD infection between the experimental groups. Testing of the
samples processed from later in 1991 and those collected and tested in 1992 will
show if the pattern seen by Pascho et al. (1991) becomes evident with the fish from
Carson Hatchery.
Determination of the Extent to Which BKD-ELISA  Segregation is
Affected by the Injection of the Adult Fish with Erythromycin.
Etythromycin is commonly administered in hatcheries for the control of losses due
to bacterial kidney disease, as injection of pre-spawning adults and/or as
medicated food administered during the rearing of the progeny (Elliott et al. 1989).
Investigation on the techniques for the control of vertical transmission of bacterial
kidney disease from adult to progeny have indicated that the injection of
broodstock females with antibiotics prior to spawning is beneficial (Bullock and
Leek 1986; Evelyn et al. 1986; Elliott et al. 1989; and Brown et al. 1990), with timing
and dosage of critical importance. Concerns have been raised that the widespread
use of erythromycin may result in the development of resistant strains of RS,
negating the efficacy of the drug as a control measure for the disease (Evelyn et al.
1986).
Results from the experimental fish held in the individual tanks, as mentioned
previously, showed little difference between groups (Figures 3-4). The pooled fish
sampled and tested through July, 1991, indicate that the groups from adults that
were not injected prior to spawning may be experiencing increased levels of BKD,
but results are quite preliminary (see Figure 5).
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III. Determination of Pond Mortality and the Cumulative
BKD-Caused  Mortality
Estimate of BKD mortality during rearing. At Marion Forks Hatchery,
mortality was monitored in each group from June, 1991, to February, 1992 (Figure
7). Total mortality was low for all four groups at Marion Forks Hatchery. In addition,
little difference in total mortality was observed between treatment groups from
either the uninjected adults (Figure 7.A) or the injected adults (Figure 7.B). A
subsample of all mortalities were frozen and later analyzed by the monoclonal
ELISA to determine the incidence of Rs antigen positive fish (Table 6). There was
no clear trend in the numbers of antigen positive mortalities per treatment groups.
Two groups, uninjected high and injected low, had the highest total numbers of Rs
positive fish. However, BKD was not a major source of mortality among the spring
chinook salmon at MFH in the 1990 brood year.
Table 6. Percentage and number of offspring mortalities at Marion Forks Hatchery
which were positive for RS antigen.
Date
June 91
July 91
Aug. 91
Sept. 91
Oct. 91
No Injection
Low
Treatment Grout
No Injection Injected
High Low
Injected
High
(N:3)
(N :210
(ND= 1)
(N: 2)
(N:7)
(N: 4)
21 .o
(N = 19)
(Nf3)
33.3
(N = 3)
27.3
(N = 11)
(No=o)
(Nf9)
(No= 2)
(N: 4)
(N =5 20)
(Nf 0)
10.0
(N = 10)
(NL)
(NL)
(NL)
Nov. 91
(N
:lO) (No_*) 35.3
(N = 17) (No,*,
Total Number 0 8 7 1
>3 ng ml-t
Total Sampled 44 52 42 27
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IV. Determination of Antigen levels in Kidney Tissue Adult
1991 Spring Chinook  Salmon Brood Stock
Segregation of the 1991 Spring Chinook  Salmon Broodstock. A
second year of segregation experiments were successfully performed at Carson
National Fish Hatchery and Marion Forks Hatchery. A total of 416 adults returning
to Marion Forks Hatchery were screened by ELISA  (Appendix 3). The distribution
of antigen levels is shown in Figure 8.
100
fl w 1991 n=238
60 W 1991 inj n=l74
'! 60
a" 40
Ant igen  (rig/m
Figure 8. Comparison of the percent prevalence of antigen levels in injected and
uninjected adults returning to Marion Forks Hatchery in 1991.
Adult chinook with the highest levels were crossed as described previously
(Winton et al., 1990). The antigen levels of the adult crosses are indicated in
Figure 9. The progeny from these crosses are currently being reared and samples
have been taken as described in Table 1.
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Figure 9. Levels of Rs antigen in adult chinook salmon selected for segregation at
Marion Forks Hatchery determined by the monoclonal antibody-based
ELISA. Gametes from each cross in the 1991 segregation experiment were
incubated in individual buckets and assigned a number. A) Uninjected
adults with high levels of antigen. B) Injected adults with high levels of
antigen.
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Distribution of ELISA  Values Among Adult Spring Chinook
Salmon Based on Samples of Kidney Tissue. The results for 1853
returning adult fish (773 male, 1080 female) at Carson Hatchery in 1991 are
presented in Figure IO. Fish having polyclonal ELISA values below 0.100 OD
predominated for both sexes, males 92% and females 83% (nearly identical
percentages compared to the 1990 adults). Numbers and mean OD for adult male
fish are presented in Figure 11. The overall mean OD for fish injected with
erythromycin (once[lNJl] or twice [INJ2]) was lower than for the fish receiving no
injection (UN, returning early (E), mid(M), or late(L) in the run).
A higher incidence of infection was detected among the returning adult
female fish considered positive (OD >O.lOO), and all of the females sampled after
the second week’s spawning had positive OD values (Figure 12). All the fish
holding in the river and returning to the hatchery after mid-July showed a consistent
increase in OD values.
Selection of spawning pairs used for the segregation experiment was based
primarily on polyclonal ELISA results for the female fish as for 1990. For the low
groups, no crosses were included which mated males with high values with
females having low values. Distributions of ELISA values for each of the second
year’s treatment groups are presented in Figure 13. The ELISA values for
individual fish, timing of return, mating, and spawning date are presented in
Appendix 4. Selection of fish for the experimental groups in both 1990 and 1991
was based the polyclonal ELISA OD of the female parent and selection was based
on individuals with the lowest (LO groups) or highest (HI groups) OD readings
(Appendix 5).
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Figure 10.
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Figure 10. Percent occurrence of optical density values determined by
polyclonal antibody-based ELISA  for adult chinook salmon at Carson
National Fish Hatchery, spawned August 5-26, 1991.
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Figure 11. Number and mean optical density values determined by
polyclonal antibody-based ELISA  for adult male chinook salmon at Carson
National Fish Hatchery, grouped by antibiotic treatment and timing of
return, spawned August 5-26, 1991. (Abbreviations: UN-no injection of
erythromycin; INJl/2-injected once or twice with erythromycin; (E)-
returning to hatchery May 29-June 12, 1991; (Ml-returning to hatchery
June  13-July 17, 1991; (L)-returning to hatchery after July  17, 1991).
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Figure 12 Number and mean optical density values determined by
polyclonal antibody-based ELISA  for female chinook salmon at Carson
National Fish Hatchery, grouped by antibiotic treatment and timing of
return, spawned August 5-26, 1991, (Abbreviations: UN-no injection of
erythromycin; INJI  /2-injected once or twice with erythromycin; (E)-
returning to hatchery May 29-June 12, 1991; (Ml-returning to hatchery
June  13-July 17, 1991; (L)-returning to hatchery after July  17, 1991).
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Figure 13. Distribution of mean optical density values determined by
polyclonal antibody-based ELISA  for female chinook salmon selected for
segregation at Carson National Fish Hatchery, grouped by antibiotic
treatment,spawned August 7-27, 1990. (Abbreviations: IN-injected with
erythromycin; UN-no injection; LO-ELISA  OD CO. 100; HI-ELISA  OD
> 0.100; ONE/TWO-replicate groups).
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VI. Tagging and Evaluation .of Returns from
Experimental Groups
Acquisition of Funding, Tagging, and Monitoring of Returning Fish
from each of the Experimental Groups. Losses ranged from 500-2000 fish
per group during tagging. Subsequent monthly losses were elevated initially, but
returned to low levels until November-December, 1991, when mortality increased
for all groups. Fish will be released in April, 1992. Funds have been procured for
tagging both the 1991 segregation experiments at both Carson and Marion Forks
Hatcheries.
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Appendix 1. Protocol for the monoclonal antibody-based Field ELISA.
Reagent
Volume
(Cone)
Incubation
Conditions
Incubation
Time
TBBS
Wash
MAb 4D3
in PBS
BSA in TBBS
500 pl
(3.2 pg/ml)
4.0 ml
(0.01 g/ml)
Sample Swab in
500 ~1 BSA-TBBS
MAb in 3Hl 500 PI
in PBS (1 l-u/ml)
SA-HRPO
in PBS
500 pl
(0.25 pg/ml)
Substrate 500 pl ABTS
17°C No
ambient temp. No
ambient temp. 5x
ambient temp.
ambient temp.
ambient temp.
dark
overnight
30 minutes
30 minutes
30 minutes
30 minutes
10 minutes
5x
5X
1X TBS
No
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Appendix 2. Methods for the preparation of fish samples for analysis by the
monoclonal-based ELISA.
Swim-up fry. Sixty fry were collected from each bucket and transported to
OSU. Fish were anethized with 3 ml I-1 of a 10% Ethyl p-aminobenzoate (Sigma,
St. Louis, MO) 95% ethanol solution. Fry were rinsed with double distilled water
and individually weighed, followed by an equal wt:vol addition of 1% BSA-TTBS.
Supernatant was tested by ELISA for each fish.
Parr. Sixty parr were collected from each rearing pond on June , 1991.
Fish were lethally anethized with 10% Ethyl p-aminobenzoate and transported to
OSU on ice. Parr were individually weighed and placed in wirl-pak sample bags
and homogenized using a rolling pin.
Pre-smolts and Smolts. Sixty fish were collected from each rearing
pond on Sept. x,1 991, and as smolts in Dec 1991 and Feb x, 1992. Fish were
sprayed with 70% Etoh and the entire kidney removed and mixed 1 :l with 1%
BSA-TTBS. Kidney samples were homogenized with applicator sticks and
centrifuged five minutes at 500 x g and frozed at -200C until ELISA analysis.
43
Appendix 3. Kidney tissue antigen levels (ng ml-l) of adult chinook salmon returning
to Minto ponds of Marion Forks Hatchery. Fish were either injected with both
erythromycin and oxytetracycline (Y) or uninjected (N).
45
125 MINT0 1991 Y F 2.354 0.24L
126 MINT0 1991 N F 1.40 0.4;
127 MINT0 1991 Y F 2.73 0.7;
46
47
48
49
50
520 I MINT0 1 1991 1 N M 1.81 0.20
521 MINT0 I 1991 I N M 2.44 0.26
51
52
I.D. NUMBER LOCATION YEAR INJECTION SEX QELISA MSE
572 MINT0 1991 Y M 3.11 0.49
573 MINT0 1991 Y tvl 3.09 0.49
574 MINT0 1991 Y M 1.56 0.28
575 MINT0 1991 Y M 2.94 0.47
576 MINT0 1991 Y M 1.80 0.32\
577 MINT0 1991 Y M 2.44 0.41
578 MINT0 1991 Y M 1.13 0.19
579 MINT0 1991 Y M 1.76 0.32
580 MINT0 1991 Y M 2.12 0.37
581 MINT0 1991 Y M 3.22 0.50
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Appendix 4.ELISA  Values for Adult Spring Chinook Salmon Returning to Carson
National Fish Hatchery, May-August, 1990.
Return to Hatchery :
1 A) May 1 O-July 11, not injected with etythromycin;
1 B) May 1 O-June 13, injected twice with erythromycin on June
13 and July 11;
2) June 14-July 11, injected once with erythromycin on July
18;
3) July 12-August 27, not injected with erythromycin;
4) unknown date of return, unknown injection.
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56
57
58
59
.._
60
I Female Return to ELISA Male Return to ELISA I
61
337 4 1 0 .089 326 3 0.082
338 1A 1 0.080 326 3 0.082
62
I 380 RR1 I 3 2 1 I 0.078 0.077 348 349 I II 3 2 0.077 0.084
63
64
65
66
67
t 594 I 16 1 0.086 1 526 I 1B I 0.085 I
68
69
70
71
72
73
I Female Return to ELISA Male Return to ELISA I
Number Hatchery OD Number Hatchery OD
808 I 4 1 0.095 1 645 I 3 I 0.073
809 1B I 0.105 I 646 1B 0.072
I
I ~- I I I
810 I 1B I 0.111 I s4s I 1B I 0.072 I
811 I 1A 1 0.116 647 1A 0.073
812 3 I 0.092 647 1A 0.073
-._- - -.-. .
820 2 0.095 0.075
821 1B 0.093 652 2 0.075
822 1B 0.091 653 1B 0.073
823 3 0.094 653 1B 0.073
824 4 0.097 654 4 0.075
833 4 0.114 659 4 0.079
834 4 0.097 659 4 0.079
835 1B 0.138 660 1B 0.079
836 18 0.107 660 1B 0.079
837 2 0.097 661 2 0.101
838 2 0.094 661 2 0.101
839 4 0.191 662 4 0.080
840
I 4 I 0.094 I 662 I 4 0.0803 16 79 II 841 842 I 1B 1 I 0.108 0.102 1 I 663 --_ I I ii I 0.079 -.-. - I\
843 1B 0.103 664 1B 0.077
844 1B 0.101 664+666 lB+lB 0.077+0.079
845 4 0.102 665 4 0.210
846 1A 0.104 665 4 0.210
847 1B 0.106 666 1B 0.079
7
848 1B 0.124 666 1B 0.079
849 2 0.120 667 2 0.075
850 2 0.097 667 2 0.075
74
75
76
77
,. _
78
I Female Return to ELISA Male Return to ELISA I
Number
1021
1022
Hatchery O D Number Hatchery O D
I 1A 1 0.085 1 761 I 1A I 0.088 I
1A I 0.08
79
t -.
80
Appendix 5. ELISA Values for Adult Female Chinook Salmon Returning  to Carson
National Fish Hatchery in 1991 of which gametes were taken and used in a second
year of adult segregation. Salmon returning to the hatchery were coded as follows:
1) May 29-June 13; 2) June 14-July 18; 3) July 1 g-August 26.
NO INJECTION, LOW OD
Female ELISA Return to Egg
Number OD Hatchery Take
22 0.073 3 Aua-05
24
33
82
134
178
212
221
256
257
259
308
Mean
Std Dev
0.066
0.068
0.067
0.072
0.068
0.067
0.065
0.068
0.066
0.075
0.071
0.069
0.003
1
2
1
3
2
i
2
1
1
1-
Au&05
Aug-05
Aug-05
Aug-05
Aug-06
Aug- 12
Aug- 12
Aug- 12
Aug-12
Aug-12
Aug-12
NO INJECTION, HIGH OD
Female ELISA Return to Egg
Number OD
15 2.452
Hatchery Take
1 Aug-05
48 1.083 1 Au&05
72 2.316 1 Aug-05
73 2.210 1 Aug-05
207 1.178 3 Aug- 12
213 2.211 3 Aug-12
214 1.880 3 Aug-12
219 2.445 3 Aug-12
239 1.659 3 Aug-12
270 0.423 3 Aug-12
305 0.480 1 Aug-12
350
Mean
0.986 1 Au&13
1.610
NO INJECTION, LOW OD
Female ELISA Return to Eaa
Number OD
395 0.070
Hatchery Tik;
3 Aua-19
410 0.068
416 0.067
428 0.076
459 0.073
584 0.072
586 0.076
628 0.069
678 0.068
686 0.068
734 0.076
Au&19
Aug-19
Aug- 19
Aug-19
Aug-20
Aug-20
Aug-20
Aug-20
Aug-20
Aug-20
957
Mean
0.075 2 Au;-21
0.072
Std Dev 0.004
NO INJECTION, HIGH OD
Female ELISA Return to Egg
Number OD
434 1.206
Hatchery Take
1 Aua-19
458
483
554
555
817
896
1010
1032
1038
1055
Mean
Std Dev
1.844
1.925
1.326
1.053
1.468
2.032
1.570
2.426
0.465
2.749
1.642
0.646
Au&19
Aug-19
Aug-19
Au&19
Aug-21
Aug-21
Aug-21
Aug-26
Aug-26
Aug-26
Std Dev 0.753
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Appendix 5. cont.
INJECTION, LOW OD
Female ELISA
Number
21
25
z;
62
63
228
229
233
260
309
OD
0.065
0.068
0.068
0.067
0.065
0.068
0.067
0.067
0.068
0.067
0.066
Return to Egg
Hatchery Take
2 Aug-05
Au&05 2
Aug-05 2
Aug-05 1
Aug-05 1
Aug-05 2
Aug-12 1
Aug- 12 2
Aug- 12 1
Aug- 12 2
Aug-12 2
Number
Injections
1
311 0.067 2 Au&13 1
Mean 0.067
Std Dev 0.001
INJECTION, LOW OD
Female ELISA
Number OD
389 0.072
392 0.069
402 0.071
408 0.067
409 0.068
421 0.069
430 0.068
461 0.072
463 0.073
482 0.072
488 0.068
Return to
Hatchery
1
Egg
Take
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Aug-19
Number
Injections
2
505 0.071 2 Au&l9 1
Mean 0.070
Std Dev 0.002
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Appendix 5. cont.
INJECTION, HIGH OD
Female ELISA
Number OD
8 2.629
Return to QN Number
Hatchery Take Injections
1 Auk-05 2
;:
123
141
173
217
237
263
273
280
2.718 2 Au&05
2.344 2 Aug-05
1.410 1 Aug-05
1.694 2 Aug-05
1.664 1 Aug-06
2.198 2 Aug-12
1.929 2 Aug-12
0.500 2 Aug-12
2.885 2 Aug-12
0.383 2 Aug-12
312 0.744 2 Au&13 1
Mean 1.758
Std Dev 0.861
INJECTION, HIGH OD
Female ELISA
Number OD
401 0.332
414 0.83643 2 608
619 2.726
684 1.894
768 1.903
779 1.138
833 2.904
877 2.829
907 2.252
959 1.678
986 1.191
Mean 1.858
Std Dev 0.846
Return to
Hatchery
1
;
2
2
2
1
2
2
1
:
RN
Take
Aug- 19
Aug-19
Aug-20
Aug-20
Aug-21
Aug-21
Aug-2 1
Aug-21
Aug-21
Aug-21
Aug-21
Number
Injections
2
1
1
:
2
1
1
2
2
1
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